MATERIALS AND METHODS
N, N-dimethyl-p-phenylenediamine (DMPDA) was purchased from K and K Laboratories, Hollywood, Calif. Analytical grade Dexon was a gift from Farbenfabriken Bayer, A.G., Germany.
All the other chemicals used were of A.R. grade available commercially.
Isolation of the organisms. Enrichment cultures were set up using basal salt medium (11) containing 0.01% Dexon as carbon or nitrogen, or carbon and nitrogen source, and were inoculated with soil previously exposed to Dexon. Repeated attempts to isolate organisms using Dexon as a sole source of carbon or nitrogen, or both, failed. Dexon was then added to a complete medium containing glucose (0.1%), and ammonium nitrate (0.1%) and fresh enrichments were started. After several transfers the cultures were streaked on a similar medium solidified with 2% agar. The colonies that developed were picked and purified by the usual methods. The isolates were again checked for growth on the Dexon-containing medium and those strains that caused a distinct fall in Dexon concentration were retained for further study. To follow Dexon disappearance, suitable samples were taken and centrifuged to remove the cells. To 1 ml of the culture filtrate, 50 ml of 1% sodium sulfite was added and Dexon was estimated by the method of Anderson and Adams (2) . The bacterial isolates were characterized by following Skerman's key (15) and Bergey's Manual (3). One of the strains (Bk9) was identified as Pseudomonas fragi and was used in these investigations.
Analysis of culture filtrate and replacement medium. The organism was grown in the mineral medium described by Seubert (14) containing 0.5% glucose supplemented with 0.01% Dexon. After 18 h of growth on a rotary shaker at 30 C, the cells were harvested, and washed twice with 0.1 M sodium phosphate buffer (pH 7.0). The cells were used for replacement studies. The culture filtrate was then adjusted to pH 8.0 with 1 N NaOH and extracted twice with equal volumes of peroxide-free ether. The aqueous layer was discarded and the ether extract was evaporated under a vacuum. The residue was dissolved in 1 ml of ethyl acetate, and a 0.5-ml sample was used for the quantitative determination of N,Ndimethyl-p-phenylenediamine as detailed later; the other 0. 5 10 ,000 x g for 10 min. The supernatant fluid was designated as the crude enzyme (16 to 18 mg of protein per ml). The crude enzyme was centrifuged at 100,000 x g for 1 h in a Beckman model L-3-50 preparative ultracentrifuge. The pellet was resuspended in 0.025 M sodium phosphate buffer (pH 7.0) and again centrifuged at 100,000 x g for 1 h. The pellet was uniformly dispersed in 0.025 M sodium phosphate buffer (pH 7.0) with the help of a fine hypodermic syringe. This preparation is referred to as the particulate fraction and the earlier 100,000 x g supernatant fluid is referred to as the supernatant fraction.
Assay of DABDS reductase. DABDS reductase activity was measured by incubating, for 30 min at 30 C, a reaction mixture (1.5 ml) containing sodium phosphate buffer, pH 7.0, (70 gmol), Dexon (2.5 ,imol), and the required enzyme preparation (3 mg of protein). The reaction was stopped by adding 0.1 ml of 30% trichloroacetic acid. The pH of the reaction mixture was then adjusted to 8 by adding 0.2 ml of 10% NaOH. The contents of each tube were extracted with 4 ml of distilled ethyl acetate. To 1.0-ml samples of the organic phase was added 0.5 ml of Ehrlich's reagent followed by 4 The ultraviolet (UV) and infrared (IR) absorption spectra were also recorded. UV spectra were taken in ethyl acetate using the Unicam SP-700A recording spectrophotometer. The IR spectra were recorded in a Carl Zeiss, Jena UR 10 spectrophotometer, the material being taken as a film.
Since Dexon is known to be decomposed by light, all studies were conducted under yellow-green light (7) .
RESULTS AND DISCUSSION The analysis of the culture filtrate and replacement medium on paper chromatograms gave two minor and one major Ehrlich-positive spots. Of the two minor spots, the one which moved with the solvent might be the same unidentified compound as observed by Hills (6) . The second spot, with an R. value of 0.12, corresponded well with authentic DMPDA. In the replacement medium, this compound could be detected within 2 h and continued to accumulate until 16 h, after which its concentration decreased (Fig. 1) . When a Dexon solution decomposed by exposure to light (7) was incubated with the cells, DMPDA could not be detected in the medium. This shows that DMPDA is formed from Dexon and not from any of its light-decomposition products.
The crude enzyme, DABDS reductase, had maximum activity at pH 7.0, and the activity was proportional to the amount of protein added up to 6 mg. The reaction was linear for 150 min and the crude enzyme showed no requirement for any cofactor. Also, the lightdecomposition product(s) was not found to be the substrate for DABDS reductase.
The distribution of DABDS reductase activity in different fractions is given in Table 1 . The 100,000 x g supernatant did not show any activity when tested without cofactors. As shown in Table 2 , when various cofactors and thiol compounds that are generally required for reductases were tried, it was found that addition of dithiothreitol (DTT) resulted in the recovery of more than 95% of the activity. Other reagents allowed only partial recovery (20 to 26%).
The activity could also be restored in the 100,000 x g supernatant when a suspension of the 100,000 x g pellet was added, suggesting the presence of a membrane-bound factor which is functionally similar to DTT and which may be responsible for in vivo activity. (Attempts are being made to reveal the possible nature and properties of this factor.)
The enzyme product was identified as DMPDA by comparing its properties with an authentic sample. Both authentic DMPDA and the isolated product showed the same R. values on thin-layer chromatographic plates as well as on paper chromatograms in different solvent systems (Table 3) . Co-chromatography of the product with an authentic sample in any of the solvent system& gave a single spot. The UV spectrum of the enzymic product showed a broad peak at 258 nm in ethyl acetate and was indistinguishable from that of authentic DMPDA. Also, the IR spectra of both the enzymic product and the authentic sample were identical as may be judged from Fig. 2 . The results indicate that DMPDA is formed by the reductive cleavage of the diazoate-Dexon (Fig.  3) . The other product of the reaction is yet to be identified. Attempts are underway to purify DABDS reductase.
It is interesting to note that DMPDA is also the first product formed during the metabolism of azo compounds such as p-dimethylaminoazobenzene (butter yellow) in mammalian liver. In these systems DMPDA is known to be metabolized further (12) . It has been recently reported that the administration of DMPDA itself affects the levels and activities of several oxido-reductases in animal tissues (8) . The present observation that DMPDA is the first product formed during microbial co-metabolism of Dexon further emphasizes the need for the detection of major products in addition to the parent compounds when doing residue analysis.
The inability of the organism to use Dexon as a sole source of carbon or to metabolize it to a stage where it can assimilate the carbon demonstrates that Dexon might be disposed of only by a co-metabolic process. In this connection it is of interest that the addition of Dexon to soil without any other amendments resulted in a significant fall in the organic carbon content of the soil (10) . We could also recover DMPDA from soils treated with Dexon. DMPDA is as toxic as Dexon to Pythium aphanidermatum (unpublished data), which is interesting from the point of view of microbial associations and activation of pesticides in the environment. 
